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Molded products with improved rigidity and a 
manufacturing method in which hollow mold- 
ings formed from highly heat-resistant func- 
tional resin are filled with highly heat-resistant 
expandable thermoplastic resin particles which 
are then expanded and fused are provided. 

The invention is characterized by a manufac- 
turing method for foam-reinforced molded pro- 
ducts wherein a tubular body for introducing 
steam is inserted in a hollow molding of highly 
heat-resistant resin, the molding is packed with 
highly heat-resistant expandable thermoplastic 
resin particles and fitted in a jig with an internal 
structure corresponding to the mold cavity, and 
large amounts of steam are introduced through 
the tubular body, thereby expanding and fusing 
the expandable thermoplastic resin particles 
packed in the molding. The invention is also 
characterized by molded products obtained by 
this manufacturing method in which the 
expandable thermoplastic resin particles are 
expanded and fused until they contact the Inner 
walls of the hollow molding. 
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The present invention concerns molded products 
in which hollow moldings consisting of thermoplastic 
resin having a heat resistance of at least 100°C have 
improved rigidity; it also concerns a manufacturing 
method for such molded products. What is meant 
here by thermoplastic resin having a heat resistance 
of at least 100°C is a base resin having a VTcat sof- 
tening point of at least 100°C. 

Its field of application consists of comparatively 
large board- or panel-shaped molded resin products 
requiring high rigidity, for example, large molded 
products such as automobile seat- back panels, rear 
parcel shelves, and side skirts, as well as front pan- 
els, side panels, and modular structural materials for 
office machines and home electrical/electronic prod- 
ucts, and furniture. 

Prior Art 

The prior art methods for improving the rigidity of 
hollow moldings include providing a ribbed structure 
at the molding stage and injecting urethane foam into 
the completed molding. 

The problems of providing hollow moldings with a 
ribbed structure include the fact that, especially in 
blow molding, there are many restrictions on design, 
geometry, and the positions at which ribs can be lo- 
cated, and that, while areas close to ribs are rigid, rig- 
idity decreases with distance from the ribs. 

Further drawbacks of rib structures include the 
fact that it is difficult to obtain a flat outer surface over 
the ribs and that the areas around ribs are susceptible 
to uneven surface gloss. 

Injecting urethane foam increases the rigidity of 
moldings because the foam is injected into the hollow 
part of the molding. However, a drawback of urethane 
resin is that, since it is thermoplastic, the recycling 
processes for used products, e.g., recovering, melt- 
ing, molding, and the like, are difficult 

Expansion molding methods in which a thermo- 
plastic resin with low heat resistance, for example, 
particles of polystyrene resin, is expanded inside a 
blow molding are known in the prior art, and some 
such products have actually been used. A thermo- 
plastic resin with a low foaming point can be foamed 
with relative ease in such a method by injecting, for 
example, expandable resin particles (beads), into the 
cavity and then blowing in regular steam. 

However, a drawback of such products is poor 
heat resistance; for example, providing a baked finish 
causes thermal deformation. Having an outer skin 
and inner foam of the same material is preferable from 
the standpoint of recydability. Such highly heat- 
resistant thermoplastic resins must be heated suffi- 
ciently in order to be expanded, and the prior art 
methods cannot be used to do that 



Problems to Be Solved by the Invention 

A task of the invention is to overcome the draw- 
backs of the prior art. Another task of the invention is 
5 to provide a manufacturing method for molded prod- 
ucts consisting of hollow moldings of highly heat- 
resistant thermoplastic resin reinforced with a highly 
expanded core which have improved rigidity and 
good recydability without sacrificing surface smooth- 
to ness. This is accomplished by using the same type of 
thermoplastic resin for the skin and the core. A further 
task of the invention is to provide products manufac- 
tured by this method. 

is Means of Solving the Problems 

The problems of the invention are solved by a 
manufacturing method for molded products charac- 
terized by the fact that a tubular body with small per- 

20 forattons for spraying steam is inserted through an 
opening formed in one end of, and on into the hollow 
part of, a hollow molding of thermoplastic resin having 
a heat resistance of at least 100°C, the hollow portion 
of the said hollow molding is packed with particles of 

25 an expandable thermoplastic resin similarly having a 
heat resistance of at least 100°C, the said hollow 
molding is fitted in a jig having an internal structure 
corresponding to the external geometry of the mold- 
ing and having plural openings, and then the said 

30 packed expandable thermoplastic resin particles are 
expanded and fused by introducing steam through 
the said tubular body into the hollow molding while re- 
leasing spent steam and condensed water through an 
opening formed near the other end of the hollow mold- 

35 ing. 

In the present invention, polyphenyl ether resin 
modified with styrene resin is used as the thermo- 
plastic resin for blow-molding products In applications 
requiring heat resistance and rigidity (for example, 

40 large parts such as automobile seat- back panels, 
rear parcel shelves, and side skirts, as well as front 
and side panels for office machines). 

Furthermore, the problems of the invention are 
solved by forming hollow molded products from ther- 

45 moplastlc resin having a heat resistance of at least 
100°C and then fusing and expanding particles of ex- 
pandable thermoplastic resin having a heat resis- 
tance of at least 100°C Inside the hollow moldings In 
order to increase the rigidity of the hollow moldings. 

so It is preferred, for reasons of recydability, that the 

highly heat-resistant expandable thermoplastic resin 
used here be the same type of resin as that of the 
blow molding comprising the outer skin. For example, 
part ides of an expandable thermoplastic resin such 

55 as polyphenyl ether modified with styrene resin can 
be used. Other resins, for example, expandable 
beads of polypropylene resin or the like, can also be 
used. Expandable thermoplastic resin particles in- 
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dude both [a] particles obtained by prefoaming ex- 
pandable thermoplastic resin particles impregnated 
with a blowing agent and [b] expandable thermoplas- 
tic resin particles impregnated with a blowing agent 

5 

Operation of the Invention 

In accordance with the present invention, ex- 
pandable thermoplastic resin particles are packed 
through a first opening formed near one end of a hd- w 
low molding of predetermined dimensions and outer 
geometry. The particles are modified in accordance 
with the volume of the hollow part of the molding and 
the desired expansion ratio, before or after which a 
tubular body perforated for spraying steam is insert- is 
ed. The amount of expandable thermoplastic resin to 
be packed is determined in view of the amount of 
blowing agent contained in the expandable thermo- 
plastic resin particles, the final expansion ratio, and 
the like. Then, the expandable thermoplastic resin 20 
particles inside the molding are heated and expanded 
by introducing steam from the perforated tubular 
body inserted in the first opening. This ensures that 
the steam will pass through the second opening 
formed near the other end of the molding and that 2s 
condensed water will be discharged. 

It is preferred that the second opening be provid- 
ed at the far end from the first opening in the blow 
molding. This is because the purpose of the second 
opening is to allow steam to flow efficiently and to d is- 30 
charge condensed water. The efficient steam flow 
and condensed water discharge is attributable to the 
fact that the expandable thermoplastic resin particles 
packed in the hollow molding expand fully at a higher 
temperature than the general-purpose resin foams 35 
used in the prior art. 

A jig coved ng the hollow molding can be used for 
controlling the release of steam into the working en- 
vironment and preventing abnormal deformation of 
the hollow molding in this process. It is advantageous 40 
for this jig to have a structure such that the cavity con- 
forms to the desired outer geometry of the molded 
product and such that it promotes the discharge of 
steam and/or condensed water from the molding. 
Connecting this type of jig to a vacuum apparatus for 45 
suctioning the steam and [thereby] creating some 
negative pressure inside the jig enables the passage 
of a sufficient volume of steam to ensure foaming 
while reducing the required pressure of the externally 
fed steam. 60 

Working Examples 

The present invention is disclosed hereinbelow 
with reference to appended figures illustrating work- 55 
ing examples. Polyphenyl ether resin modified with 
styrene resin was selected as the heat-resistant resin 
for the hollow molding forming the outer skin of the 



molded product used in the invention. The hollow 
molding 1 in Figure 1A was obtained by molding this 
resin in a conventional blow-molding machine. The 
first opening 2 and the second opening 3 are formed 
in the hollow molding 1 during the molding process or 
later. 

The hollow part of this hollow molding was 
packed with expandable thermoplastic resin particles 
5 which consisted of prefoamed styrene-modified 
polyphenyl ether resin as the highly heat-resistant ex- 
pandable thermoplastic resin particles, and [then 
these particles] were expanded inside the cavity by 
the method described hereinbelow. 

In the first working example of the invention, a 
tubular body 4 which is a heat-resistant soft tube, for 
example, a poly(tetrafluoroethylene) (Teflon®) tube, 
with numerous perforations for spraying steam 
whose end is sealed in order to spread steam uni- 
formly throughout the molding's cavity, is inserted 
through the first opening 2 into the hollow part of the 
molding, as shown In Figure 1(B). Then, the cavity is 
packed with expandable thermoplastic resin particles 
5, as shown in Figure 1(C). Then, steam is sprayed 
from the tubular body 4 for spraying steam. 

The steam sprayed from the jets in the tubular 
body 4 passes through the spaces between the ex- 
pandable thermoplastic resin particles 5 and expands 
the surrounding expandable thermoplastic resin par- 
ticles in succession by transferring its heat to them. 

The release of the flowing steam to the exterior 
through the second opening 3 provided in the molding 
permits large amounts of thermal energy to be trans- 
ferred by large amounts of steam. As a result, even 
highly heat-resistant expandable thermoplastic resin 
particles can be thoroughly foamed. Furthermore, 
since the temperature of the steam from which heat 
is taken during the foaming process drops abruptly 
and large amounts of condensed water are formed, it 
is preferable to release this condensed water through 
the second opening 3 for releasing steam. According- 
ly, it is necessary to provide this second opening 3 in 
the bottom of the hollow molding 1 . 

In the second working example of the invention, 
the structure of the hollow molding allows plural 
steam injection openings to be formed; here, a multi- 
branch hard tubular body 7 for spraying steam with 
plural steam spray nozzles 8, as shown in Figure 2, 
can be used. Furthermore, if the tips of the tubular 
body 7 are pointed, steam can be fed by piercing any 
inconspicuous surface of the hollow molding rather 
than providing openings in advance. 

In this embodiment, the hollow molding is packed 
with expandable thermoplastic resin particles, and 
then the respective plural injection nozzles 8 are in- 
serted into the molding, completing the preparations 
for heating. Then, the expandable thermoplastic resin 
particles inside the hollow molding can be expanded 
efficiently and reliably by spraying steam. In this case 
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as well, it is necessary to provide openings for dis- 
charging steam and water in the bottom of the hollow 
molding in the same manner as In the first working ex- 
ample. 

In the present invention, a material showing a 5 
high heat resistance of at least 100°C is used for the 
hollow molding formed by blow-molding or other 
methods, and, in order to obtain high rigidity, thermo- 
plastic resin particles having equally high heat resis- 
tance are used as the highly expandable thermoplas- 10 
tic resin packed in the cavity. These highly heat- 
resistant expandable thermoplastic resin particles 
must be heated to relatively high temperatures for 
sufficient expansion. However, when this type of 
high-temperature heating is performed, the outer skin is 
of the hollow molding begins to soften. Even if this oc- 
curs, undesirable deformation of the hollow molding 
is prevented because the cavity of the jig corresponds 
to the cavity of the mold used to form the hollow mold- 
ing. 20 

Providing the jig with a means of suctioning 
steam facilitates the discharge of steam used for 
heating in the molding process and enables the oper- 
ation to be performed using comparatively low-pres- 
sure steam. Furthermore, uneven distribution of the 25 
expandable thermoplastic resin particles due to the 
effects of gravity can be avoided by adding another 
process such as rotating the jig or applying external 
vibration to it. 

This jig consists, for example, as shown in Figure 30 
3, of two parts 13 and 14 with hollow parts 11 and 12 
corresponding to the cavity of the mold used for the 
said molding. Together, they comprise a shape capa- 
ble of surrounding and accommodating the hollow 
molding 1 (not shown). It is advantageous for this jig 35 
10 to be provided with a part 15 which does not ob- 
struct the tubular body 4 for spraying steam into the 
hollow molding 1, shown In Figure 1, and a vacuum 
device 16 such that the steam and/or condensed wa- 
ter discharged from the second opening 3 can be dis- 40 
charged either naturally or by force. 

Engineering plastics such as modified polyphe- 
ny! ether resin, polycarbonate resin, and thermoplas- 
tic polyester resin as well as resins modified with 
blends of these polymers may be used as the thermo- 45 
plastic resin having a heat resistance of at least 1 00° C 
in the present invention. These and other resins can 
be molded into hollow moldings by blow-molding, ro- 
tation-molding, injection-molding, or the like. 

The highly expandable thermoplastic resin par- 50 
tides to be packed in the interior of the hollow molding 
can be selected from among any of the materials list- 
ed hereinabove and can be caused to contain the de- 
sired ratio, by weight, of blowing agent. Rather than 
naming specific core resins, It is sufficient to say that 55 
it is preferable to use the same class of resin as that 
used in the outer skin of the hollow molding for the 
sake of recovering and reusing. I.e., recycling, the 



used product. 

Effect of the Invention 

The rigidity of hollow moldings used in applica- 
tions requiring heat resistance can be greatly im- 
proved without sacrificing surface flatness by means 
of the molding [obtained] in accordance with the man- 
ufacturing method for hollow moldings of the inven- 
tion. The ability to easily fuse the Inner walls of the 
hollow molding and the expandable thermoplastic 
resin particles in the foaming process is achieved by 
using hollow moldings and expandable the miopias tic 
resin particles from the same class of thermoplastic 
resins. 

Furthermore, the used hollow molding can be 
easily recovered and reused (recycled) as thermo- 
plastic resin by conventional size reduction techni- 
ques. 

Brief Description of the Figures 
Figure 1 

Figure 1 Illustrates the process of the manufac- 
turing method for hollow molded products of the 
invention. 
Figure 2 

Figure 2 shows an example of an alternative 
structure of the tubular body for injecting steam 
for carrying out the manufacturing method for 
molded products of the invention. 
Figure 3 

Figure 3 illustrates an example of the structure of 
the jig for carrying out the manufacturing method 
for molded products of the invention. 

Description of the Symbols 
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Hollow molding 


2 


First opening 


3 


Second opening 


4 


Steam injection tube (soft tubular body) 


5 


Expandable thermoplastic resin particles 


7 


Multi-branch steam Injection tube (hard tubu- 




lar body) 


8 


Injection nozzle 


10 


Jig 


16 


Vacuum device 



Claims 

1. Manufacturing method for molded products char- 
acterized in that a tubular body with small perfor- 
ations for spraying steam is inserted through an 
opening formed in one end of, and on into the hol- 
low part of, a hollow molding of thermoplastic res- 
in having a heat resistance of at least 100°C, the 
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hollow portion of the said hollow molding is 
packed with particles of an expandable thermo- 
plastic resin similarly having a heat resistance of 
at least 100°C, the said hollow molding is fitted in 
a jig having an internal structure corresponding 5 
to the external geometry of the molding and hav- 
ing plural openings, and then the said packed ex- 
pandable thermoplastic resin particles are ex- 
panded and fused by introducing steam through 
the said tubular body into the hollow molding 10 
while releasing spent steam and condensed wa- 
ter through an opening formed near the other end 
of the hollow molding. 

2. Manufacturing method for molded products in ac- is 
cordance with Claim 1, characterized in that the 

said tubular body with numerous perforations is 
a soft heat-resistant tube which is inserted into 
the molding before packing the particles of ex- 
pandable thermoplastic resin having a heat resis- 20 
tance of at least 100°C. 

3. Manufacturing method for molding products in 
accordance with Claim 1, characterized In that 

the said tubular body with numerous perforations 25 
is a hard heat-resistant tube which is introduced 
into the molding after packing the particles of ex- 
pandable thermoplastic resin having a heat resis- 
tance of at least 100°C. 

30 

4. Molded products characterized in that the hollow 
part of a hollow molding consisting of a thermo- 
plastic resin having a heat resistance of at least 
100°C is packed with particles of an expandable 
thermoplastic resin similarly having a heat resis- 35 
tance of at least 100°C and the resin particles are 
expanded and fused until they contact the inter- 
nal walls of the said hollow molding. 
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